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(57) Provided is a refrigerator oil. especially that for 
carbon dioxide refrigerant, Wfhich comprises a base oil 
comprising an oxygen-containing organic compound as 
the essential component and having a kinematic viscos- 
ity at 100°C of fnsm 5 to 50 mm%ec and a viscosity 
index of at least 60, and optionally contains additives of, 
for example, extreme pressure agent and acid scaven- 
ger. The refrigerator oil can be used in compression re- 
frigerators with carbon dioxide refrigerant therein, con- 
cretely in refrigerating or heating-cooling equipment 
such as car air conditioners, refrigerators, freezers, air 
conditioners, heat pumps, compression refrigeration cy- 
cles equipped with oil separator and/or hot gas line, etc. 
This is stable and has excellent lubricity (abrasion re- 
sistance) even in a supercritical carbon dioxide atmos- 
phere, and therefore can be used for a long period of 
time in the atmosphere. 
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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

[0001] The present invention relates to a refrigerator oil for carbon dioxide {CO2) refrigerant, and to a method of 
using It for lubrication. The refrigerator oil can be used in compression refrigerators with carbon dioxide refrigerant 
therein, especially in refrigerating or heating-cooling equipment such as car air conditioners, refrigerators, freezers, 
*o air conditioners, heat pumps, compression refrigeration cycles equipped with oil separator and/or hot gas line, etc. 

DESCRIPTION OF THE RELATED ART 

[0002] In general, a compression refrigeralion cycle for refrigerators, for example, that for compression refrigerators 
IS comprising a compressor, a condenser, an expansion valve and an evaporator Is of a closed system in which is circu- 
lated a mixed liquid comprising a refrigerant and a lubricating oil. In compression refrigerators of that type, in general, 
chlorofluorocarbons such as dichlorodifluoromethane (R-12) and chlorodlfluoromethane (R-22) have heretofore been 
used as refrigerants. Various types of lubricating oils have been produced and used together with such refrigerants. 
However, when released in air, these Flon compounds that have heretofore been used as refrigerants will bring about 
20 environmental pollution, as destroying the ozone layer existing in the stratosphere. Therefore, their use is being severely 
controlled in all the world. Given the situation, new refrigerants, hydrofluorocarbons and fluorocarbons such as typically 
1,1,1 ,2-tetrafluoroethane (R-134) have become specifically noted. Hydrofluorocarbons and fluorocarbons will not de- 
stroy the ozone layer. However, as their life in air is long, they will cause global warming. Therefore, the recent tendency 
in the art is toward using refrigerants from natural resources that are free from the problem. 
25 [0003] Above all, carbon dioxide is excellent as it is harmless to the environment and is safe to human beings. In 
addition, it has the advantages of anywhere easy availability and extremely low costs with no necessity for recovery. 
For these reasons, carbon dioxide has been much used as the refrigerant for refrigerators. 

[0004] Unexpectedly, however, using such carbon dioxide as a refrigerant Is often problematic in that the system 
with carbon dioxide therein requires higher jetting pressure and has higher temperature, as compared with that where 
30 is used R-134a or the like, with the result that the refrigerator oil in the system is exposed to carbon dioxide of being 
in a supercritical cor?dition. Therefore, when such a carbon dioxide refrigerant is combined with ordinary refrigerator 
lubricating oil, the lubricating oil could not exhibit good lubricity and its ability to improve the abrasion resistance of 
machine parts is often poor In addition, the stability of the lubricating oil is worsened, and stably using it for a long 
period of time is impossible. 

35 

SUMMARY OF THE INVENTION 

[0005] The present invention has been made in consideration of the viewpoints noted above, and its object is to 
provide a refrigerator oil, which exhibits good lubricity and can be stably used for a long period of time even in a 

^0 refrigeration cycle where is used a refrigerant that comprises, as the essential component, carbon dioxide of being in 
a supercritical condition at high temperature and under high pressure. The invention is also to provide a refrigerator 
oil capable of exhibiting good lubricity and good sealability and capable of being stably used for a long period of time 
even in a compression refrigeration cycle where is used a refrigerant comprising carbon dioxide as the essential com- 
ponent, and further to provide a method of using the refrigerator oil for lubrication. 

45 [0006] We, the present inventors have assiduously studied and, as a result, have found that the object of the invention 
can be effectively attained by using a lubricating oil comprising a specific base oil. Unexpectedly, in addition, we have 
further found that, when a mixture of a polyoxyalkylene glycol and polyvinyl ether is used as the base oil for refrigerator 
oil, then the compatibility of the polyoxyalkylene glycol with carbon dioxide refrigerant is enhanced, and that, when a 
specific additive is added to the refrigerator oil comprising the base oil of that type, then the refrigerator oil is well stable 

so and can exhibit good lubricity even in a carbon dioxide atmosphere of being in a supercritical condition while it maintains 
good compatibility with carbon dioxide refrigerant. On the basis of these findings, the inventors have completed the 
present invention. 

[0007] Specifically, the invention provides the following: 

55 1, A refrigerator oil for carbon dioxide refrigerant, which comprises a base oil comprising an oxygen-containing 

organic compound as the essential component and having a kinematic viscosity at 100°C of from 5 to 50 mrn^l 
sec and a viscosity index of at least 60. 

2. The refrigerator oil of above 1 , which further contains a metal salt of a carboxylic acid. 
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3. The refrigerator oil of above 2, wherein the metal salt of a carboxylic acid is an alkati metal salt of a carboxylic 
acid having from 3 to 60 carbon atoms. 

4. The refirigerator oil of above 1 . v^^erein the oxygen-containing organic compound is at feast one selected from 
polyoxyalkylene glycols, polyvinyl ethers, polyesters and carbonates. 

5. The refrigerator oil of above 1 , wherein the oxygen-containing organic compound is a compound of a general 
formula (I) or a compound comprising structural units of a general formula {V): 

r' - [(0R^)„ - 0R^1„ (!) 

v\fhere R'' represents a hydrogen atom, an alkyl group having from 1 to 10 carbon atoms, an acyl group having 
from 2 to 10 carbon atoms, or an aliphatic hydrocarbon group having from 2 to 6 bonding sites and having firom 1 
to 10 carbon atoms; R2 represents an alkylene group having from 2 to 4 carbon atoms; represents a hydrogen 
atom, an alkyl group having from 1 to 10 carbon atoms, or an acyl group having from 2 to 10 carbon atom; n 
represents an integer of from 1 to 6; and m represents a number to give a mean value of m x n falling between 6 
and 80; 



where R''^, R^'^ and R'ls each represent a hydrogen atom, or a hydrocarbon group having from 1 to 8 carbon atoms, 
and they may be the same or different; R^^ represents a divalent hydrocarbon group having from 1 to 10 carbon 
atoms; R20 represents a hydrocarbon group having from 1 to 20 carbon atoms; k represents a number of from 0 
to 10 on average; R''^ to may be the same or different in different stmctural units; and plural R^i^O's, if any, 
may be the same or different. 

6. The refrigerator oil of above 1 , wherein the oxygen-containing organic compound is ®a polyaicohol ester, or® 
a polycarboxylate. 

7. The refrigerator oil of above 1, which further contains a phosphorus-containing extreme pressure agent. 

8. The refrigerator oil of above 1 , which further contains an acid scavenger. 

9. The refrigerator oil of above 1 , wherein the oxygen-containing organic compound which further contains a phe- 
nolic antioxidant, 

10. The refrigerator oil of above 1 , wherein the base oil is a mixture of a polyoxyalkylene glycol and a polyvinyl ether. 

11. The refrigerator oil of above 10, wherein the ratio of the polyoxyalkylene glycol to the polyvinyl ether fads 
between 40/60 and 99.9/0.1 by weight 

12. The refrigerator oil of above 11, wherein the polyoxyalkylene glycol is a compound of a general formula (I): 

R' - KOR^)^ - 0R^]„ (I) 

where R'' represents a hydrogen atom, an alkyl group having from 1 to 10 carbon atoms, an acyl group having 
from 2 to 10 carbon atoms, or an aliphatic hydrocarbon group having from 2 to 6 bonding sites and having from 1 
to 10 carbon atoms; R^ represents an alkylene group having from 2 to 4 carbon atoms; R^ represents a hydrogen 
atom, an alkyl group having from 1 to 10 carbon atoms, or an acyf group having from 2 to 10 carbon atom; n 
represents an integer of from 1 to 6; and m represents a number to give a mean value of m x n falling between 6 
and 80. 

13. The refrigerator oil of above 11, wherein the polyvinyl ether is a compound comprising structural units of a 
general formula (V): 
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(V) 



where R^^, R^^ and R^^ each represent a hydrogen atom, ora hydrocart>on group having from 1 to 8 carbon atoms, 
and they may be the same or different: R'^ represents a divalent hydrocarbon group having from 1 to 10 carbon 
atoms; R2° represents a hydrocarbon group having from 1 to 20 carbon atoms; 1< represents a number of from 0 
to 10 on average; R^^ to R^" may be the same or different in different structural units; and plural Ri^O's, if any, 
may be the same or different. 

14. The refrigerator oil of above 11, which further contains an acid scavenger. 

15. The refrigerator oil of above 11, which further contains an extreme pressure agent. 

16. The refrigerator oil of above 15, wherein the extreme pressure agent is at least one selected from metal salts 
of carboxylic acids and phosphorus-containing extreme pressure agents. 

17. A method of using the refrigerator oil of above 1 in a compression refrigeration cycle equipped with at least 
one selected from oil separators and hot gas lines. 

1 8. A method of lubricating a compression refrigeration cycle equipped with at least one selected from oil separators 
and hot gas lines, for which is used the refrigerator oil of above 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Fig. 1 is a flowchart showing one embodiment of a compression refrigeration cycle of "compressor-condenser- 
expansion valve-evaporator", which is equipped with an oil separator and a hot gas line. 

[0009] Fig. 2 is a flowchart showing one embodiment of a compression refrigeration cycle of "compressor-condenser- 
expansion valve-evaporator", which is equipped with an oil separator. 

(001 0] Fig. 3 is a flowchart showing one embodiment of a compression refrigeration cycle of "compressor-condenser- 
expansion valve-evaporator", which is equipped with a hot gas line. 

[0011] Fig. 4 is a flowchart showing one embodiment of a compression refrigeration cycle of "compressor-condenser- 
expansion valve-evaporator". 

[0012] In those, 1 indicates a compressor; 2 indicates a condenser; 3 indicates an expansion valve; 4 indicates an 
evaporator; 5 indicates an oil separaton 6 indicates a hot gas line; and 7 indicates a hot gas line valve. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] The base oil for use in the invention comprises, as the essential component, an oxygen-containing organic 
compound and has a kinematic viscosity at IQO'C of from 5 to 50 mm^/sec and a viscosity index of at least 60. Base 
oil having a kinematic viscosity of smaller than 5 mm^/sec or larger than 50 mm^/sec is unfavorable, since the former 
could not exhibit good lubricity in high-temperature, high-pressure carbon dioxide conditions and the latter causes 
great power loss. Base oil having a viscosity index of smaller than 60 is also unfavorable, since its kinematic viscosity 
is substantially lowered at high temperatures and its lubricity and sealing resistance will be poor. 
[0014] The oxygen-containing organic compound for use in the invention is preferably a compound having at least 
2 oxygen atoms in the molecule. Concretely, it includes polyoxyalkylene glycols, polyvinyl ethers, polyesters and car- 
bonates, and mixtures of two or more of them are also employable herein. These compounds have good compatibility 
with carbon dioxide refrigerant to exhibit good lubricity. They are described in detail hereinunder. 

(A-1) Polyoxyalkylene Glycols: 

[0015] Polyoxyalkylene glycols usable herein are, fore example, compounds of a general formula (I): 

R^ - t(OR^)„ - 0R^]„ (I) 

wherein R^ represents a hydrogen atom, an alkyi group having from 1 to 10 carbon atoms, an acyl group having from 
2 to 10 carbon atoms, or an aliphatic hydrocarbon group having from 2 to 6 bonding sites and having from 1 to 10 
carbon atoms; R2 represents an alkylene group having from 2 to 4 carbon atoms; R^ represents a hydrogen atom, an 



4 



EP 1 063 279 A1 



alkyi group having from 1 to 10 carbon atoms, or an acyl group having from 2 to 10 carbon atom; n represents an 
integer of from 1 to 6; and m represents a number to give a mean value of m x n falling between 6 and 80. 
[0016J In formula (I), the alkyI group for and may be linear, branched or cyclic. Specific examples of the alkyl 
group include a methyl group, an ethyl group, an n-propyl group, an isopropyl group, all types of butyl group, all types 
5 of pentyl group, all types of hexyl group, all types of heptyt group, all types of octyl group, all types of nonyl group, all 
types of decyl group, a cyclopenlyl group, a cyclohexyl group, etc. If the number of carbon atoms constituting the alkyl 
group is larger than 10, the compatibility of the base oil virith refrigerant will be poor and the base oil will be troubled 
by phase separation therein. Preferably, the alkyl group has from 1 to 6 carbon atoms. 

[0017] The alkyl moiety in the acyl group for and may be linear, branched or cyclic. As specific examples of 
10 the alkyl moiety in the acyl group, referred to are those with from 1 to 9 carbon atoms mentioned above for the alkyl 
group. If the number of carbon atoms constituting the acyl group is larger than 10, the compatibility of the base oil with 
refrigerant will be poor and the base oil will be troubled by phase separation therein. Preferably the acyl group has 
from 2 to 6 carbon atoms. 

[0018] Where R' and R3 are both alkyl groups or acyl groups, they may be the same or different. 

'5 [0019] Where n In formula (I) is 2 or more, plural R^'s in one molecule may be the same or different. 

[0020] Where R^ is an aliphatic hydrocarbon group having from 2 to 6 bonding sites and having from 1 to 10 carbon 
atoms, the aliphatic hydrocarbon group may be linear or cyclic. Examples of the aliphatic hydrocarbon group having 
2 bonding sites include an ethylene group, a propylene group, a butylene group, a pentylene group, a hexylene group, 
a heptylene group, an octylene group, a nonylene group, a decylene group, a cyclopentylene group, a cyclohexylene 

20 group, etc. Examples of the aliphatic hydrocarbon group having from 3 to 6 bonding sites include residues to be derived 
from polyalcohols such as trimethylolpropane, glycerin, pentaerythritol, sorbitol, 1.2,3-trihydroxycyclohexane and 
1,3,5-trihydroxycyclohexane. by removing the hydroxyl groups from them. 

[0021] If the number of carbon atoms constituting the aliphatic hydrocarbon group is larger than 1 0, the compatibility 
of the base oil with refrigerant will be poor and the base oil will be troubled by phase separation therein. Preferably, 

25 the aliphatic hydrocarbon group has from 2 to 6 carbon atoms. 

[0022] Preferably, in the invention, at least one of Ri and R3 is an alkyl group, more preferably having from 1 to 3 
carbon atoms. Especially preferred is a methyl group, in view of the viscosity characteristic of the base oil. For the 
same reason, trath and R^ are even more preferably alkyl groups, especially methyl groups. 
[0023] R2 in formula (I) is an alkylene group having from 2 to 4 carbon atoms. The oxyalkylene group for the repetitive 

30 units in formula (I) includes an oxyethylene group, an oxypropylene group, and an oxybutylene group. The oxyalkylene 
groups in one molecule may be all the same or different ones. One molecule of the compound may have two or more 
different types of oxyalkylene groups. Especially preferred herein are copolymers having both oxyethylene (EO) and 
oxypnapylene (PO) groups. In those copolymers, it is desirable that the ratio of EO/ (PO + EO) falls between 0.1 and 
0.8 in view of the burning load to the refrigerator oil and of the viscosity characteristic of the oil. It is further desirable 

35 that the ratio of EO/(PO + EO) falls behveen 0.3 and 0. 6 in view of the moisture absorption of the oil. 

[0024] In fomnula (I), n is an integer of from 1 to 6, and shall be defined depending on the number of the bonding 
sites in R''. For example, where R' is an alkyl group or an acyl group, n is 1; and where it is an aliphatic hydrocarbon 
group having 2, 3, 4, 5 or 6 bonding sites, n is 2, 3, 4, 5 or 6, respectively m is a number to give a mean value of m x 
n falling between 6 and 80. If the mean value of m x n oversteps the defined range, the object of the invention could 

'*o not be attained satisfactorily. 

[0025] Polyoxyalkylene glycols of formula (I) include those having a hydroxyl group at the terminal. Such hydroxyl- 
terminated compounds could be favorably used in the invention so far as the terminal hydroxyl content of the compounds 
is not larger than 50 mol% of the total terminal content thereof. If, however, the tenninal hydroxyl content thereof is 
larger than 50 nTOl%, the moisture absorption of the compounds will increase and the viscosity index thereof will de- 

45 crease. The compounds having such a large terminal hydroxyl content are unfavorable to the invention. 

[0026] As the polyoxyalkylene glycols for use in the invention, preferred are polyoxypropylene glycol dimethyl ethers 
of a general formula: 

50 

CH3O— (CHCH2O) —CH3 

wherein x represents a number of from 6 to 80; and polyoxyethylene-potyoxypropylene glycol dimethyl ethers of 
55 a general formula; 



5 



EP 1 063 279 A1 



CH, 
I ^ 

CH3O— (CHCHjO) ^— (CHCH2O) b 



wherein a and b each are at least 1. and their total falls between 6 and 80, 
in view of the economical aspect of the compounds and of the effect thereof. 
[0027] Also preferred are polyoxypropylene glycol monobutyl ethers of a general formula: 



C4H9O— (CHCHjO)^— H 
wherein x represents a number of from 6 to 80, 

as well as polyoxypropylene glycol diacetates. in view of the economical aspect of the compounds. 

[0028] Polyoxyalkylene glycols of formula (1) are described in detail in Japanese Patent Laid-Open No. 305893/1 990, 

any of which are employable herein. 

[0029] Apart from the polyoxyalkylene glycols noted above, further employable herein are polyoxyalkylene glycol 
derivatives having at least one structural unit of a general formula (II): 

I I 

— c— c— 0 — 

• 5 I7 

R R (II) 

wherein to each represent a hydrogen atom, a monovalent hydrocarbon group having from 1 to 10 carbon atoms, 
or a group of 3 general fomnula (III): 



R« 

C — 0 (R^OnR^^ 

r' (III) 

40 

wtiere and R^ each represent a hydrogen atom, a monovalent hydrocarbon group having from 1 to 10 carbon 
atoms, or an alkoxyalkyi group having from 2 to 20 carbon atoms; R'° represents an alkylene group having from 2 to 
5 carbon atoms, a substituted alkylene group having an alkyl group as the substituent and having from 2 to 5 carbon 
atoms in total, or a substituted alkylene group having an alkoxyalkyi group as the substituent and having from 4 to 10 
45 carbon atoms in total; n represents an integer of from 0 to 20; and R''' represents a monovalent hydrocarbon group 
having from 1 to 1 0 carbon atoms, 
and at least one of R'' to is the group of formula (111). 

[0030] In fonnula (II), R* to R^ each represent a hydrogen atom, a monovalent hydrocarbon group having from 1 to 
10 carbon atoms, or a group of formula (111). The monovalent hydrocarbon group having from 1 to 10 carbon atoms is 
50 preferably a monovalent hydrocarbon group having at most 6 carbon atoms, most preferably an alkyl group having at 
most 3 carbon atoms. 

[0031] In formula (III), R^ and R^ each represent a hydrogen atom, a monovalent hydrocarbon group having from 1 
to 10 carbon atoms, or an alkoxyalkyi group having from 2 to 20 carbon atoms. Preferably, they each are an alkyl group 
having at most 3 cart>on atoms, or an alkoxyalkyi group having at most 6 carbon atoms. 
55 [0032] R'lo represents an alkylene group having from 2 to 5 carbon atoms, a substituted alkylene group having an 
alkyl group as the substituent and having from 2 to 5 carbon atoms in total, or a substituted alkylene group having an 
alkoxyalkyi group as the substituent and having from 4 to 10 carbon atoms in total. Preferably, it is an ethylene or 
substituted ethylene group having at most 6 carbon atoms. 
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[0033] R^^ represents a monovalent hydrocarbon group having from 1 to 10 carbon atoms. Preferably, It is a hydro- 
carbon group having at most 6 carbon atoms, more preferably at most 3 carbon atoms. 

[0034] In formula (II), at least one of to R^ is a group of fonnula (III). Preferably, either one of R^ and R^ is a group 
of formula (III), and the remaining one of R* and R^ and also R^ and R^ each are a hydrogen atom or a monovalent 

5 hydrocarbon group having from 1 to 10 carbon atoms. 

[0035] The polyoxyalkylene glycol derivatives have at least one structural unit of formula (11). More precisely, they 
include three types of polymers, which are homopolymers each composed of the structural units of formula (II) of one 
and the same type, copolymers each composed of at least two different types of the structural units of formula (II), and 
copolymers each comprising the structural units of formula (II) and any other structural units of, for example, a general 

10 formula (IV): 



20 wherein R'^ to Ris each represent a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms. 

[0036] Preferred examples of the homopolymers have from 1 to 200 structural units A of fomiula (II) and are termi- 
nated with any of a hydroxyl group, an acyloxy group having from 1 to 10 carbon atoms, an alkoxy group having from 
1 to 10 carbon atoms, or an aryloxy group, 

[0037] Preferred examples of the copolymers have two different types of stnjctural units A and B each amounting 
25 to from 1 to 200 units or have from 1 to 200 structural units A of formula (II) and from 1 to 200 structural units C of 
formula (III), and are terminated with any of a hydroxyl group, an acyloxy group having from 1 to 10 carbon atoms, an 
alkoxy group having from 1 to 1 0 carbon atoms, or an aryloxy group. Various types of these copolymers are employable 
herein, including, for example, alternate copolymers, random copolymers or block copolymers comprising structural 
units A, structural units B (and/or structural units C), as well as graft copolymers with a main chain of structural units 
30 A as grafted with structural units B. 



(A-2) Polyvinyl Ethers: 



[0038] Polyvinyl ethers for the base oil for use herein may be polyvinyl ether compounds comprising, for example, 
35 structural units of a general formula (V): 



0(R^^O)^R''' 



wherein R^^, R" and R^^ each represent a hydrogen atom, or a hydrocarbon group having from 1 to 8 carbon atoms, 
45 and they may be the same or different; R^^ represents a divalent hydrocarbon group having from 1 to 10 carbon atoms; 
R20 represents a hydrocarbon group having from 1 to 20 carbon atoms; k represents a number of from 0 to 10 on 
average; R''^ to R^" may be the same or different in different structural units; and plural R^^O's, if any, may be the 
same or different. 

[0039] Also usable herein are polyvinyl ether compounds of block or random copolymers comprising structural units 
50 of fonnula (V) noted above and structural units of the following general formula (VI): 



7 



EP 1 063 279 A1 



8 carbon atoms, preferably from 1 to 4 ^^^^n '^^^exs^^^l melhyl group, an ethyl group, ar. n-propyl group, an 
carbon group includes ar, alkyl '"t'' J ' Jo a sec^^^^^^^^^ 3^°""' ^'''^ °' 

isopropyl group, an n-butyl group, an isobutyl group, ^^^^y' f^^J^^ , ^ cycloalkyl group including, for 

ainypes of f.exy. groups, a., types ^^^^'^^^1°^^^^^ all types of ethy.cyclohexy. 

bSTr^^^^ 

preferably, R^^. ri7 and Ri« are all hydrogen ^^^^j i to 10 carbon atoms, preferably 

fo041] in formula (V), «^V-P--7^^JX3Te, ^^a*^^^ from 1 to 10 carbon atoms includes a 

from 2 to 10 carbon atoms. Concretely, '^'^^^^f^'^l^^^^^^ an ethylene group, a phenylethylene group, a 
divalent aliphatic group including, for ^^^'^^'^'J^^f^^^'^^^^^^ 

1 .2-propylene group, a 2-phenyl-1 .2-propy^-e ^^^^^^^'^^^^^^ 3II types of octylene groups, all types of 

pentylene groups, all types of bexylene 9'°"P;;/"f;„"° 'X group with t«o bonding sites to be derived from an 
nonylene groups, and all types of decylene ^^"P^'^^" ^'^ane^m^^^^^^^^ ethylcyclohexane. dimethylcy- 

allcyclic hydrocarbon which includes, for ^^^^^^^^^^^^^^^Z. group including, for example, all types of phe- 
clohexane, and propylcydohexane, a d.va^nt aroma ic h^^^^ 

nylene groups, alt types of methyiphenylene 9^°"PJ^' ^^'^jf "^^^^^^^ Jderived from an alkylaromatic hydrocarbon 
gLps, and all types of naphthylene groups; ^" Snrono^^^^^^ site both in the alkyl moiety and in the 

Lch as toluene, xylene or ethylbenzene. and havmg^^^ 

rarrfo^^K^nrJesthenumb^^ 

0 and 5 on average. Plural R^^O's. if any. may be J^^^;'^!;^^^^^^^^^ , „ 20 carbon atoms, preferably from 1 to 
10043] in fom^ula (V), R^o represents a '1^'°'^^^°''.^^^^^^^^^ including, for example, a methyl group, 

a 10 carbon atoms. Concretely, the ^'V^^^^'^;" "t n b^^^^^ gr^^p an isobutyl group, a sec-butyl group, a tert- 
an ethyl group, an n-propyl group, an S^^;; "^^ types of heptyl groups, all types of octyl groups, 

butyl group, all types of pentyl groups. J'J^ ^J^^^^^^^^ Tcloa ky group including, for example, a cyclopentyl group, 
all types of nonyl groups, and ail types of decyl 9^°"P^;;f ^ J^f'^^g^^, ethylcydohexyl groups, all types of propylcy- 
a cyclohexyl group, al. types <^\^'^]'^\'^°^,^^^^^^^ g outinduding. for example, a phenyl group, all 

. ...io.moi.ca.. 

0045 Of the polyvinyl ether compounds 1) « .^^^'^^^^J^r' tha?4 2 thrmoisture absorption of the compounds v^ll 
10046, l"'»™"'a(V0.R"'O«"=»*'?P"7';'„^^^ glp h,*g rrom 1 to 20 ca*on 

compound (2) . ^ m ^ =nH m mav be produced through polymerization of vinyl ether mono- 

corresponding thereto with vinyl ether monomers '^^liion are specifically terminated in the man- 
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is terminated with a group of a general fonnula (VII) or (VIII): 



I 

HC- 
J,. 



HC C- 



wherein R25, R26 and R27 each represent a hydrogen atom or a hydrocarbon group having from 1 to 8 carbon atoms, 
and they may be the same or different; R^o, R31, r32 and R^^ each represent a hydrogen atom or a hydrocarbon group 
having from 1 to 20 carbon atoms, and they may be the same or different; R^s represents a divalent hydrocarbon group 
having from 1 to 10 carbon atoms; R^s represents a hydrocarbon group having from 1 to 20 carbon atoms; p represents 
a number of from 0 to 10 on average; and plural R^so's, if any, may be the same or different, 
and the other end thereof is terminated with a group of a general fonnula (IX) or (X); 

d34 



I I 
— C CH— 

I35 I 37 
R^^ 0(R^'0)„ 



I I 
— C CH- 



wherein R^, R^s and R^ each represent a hydrogen atom or a hydrocarbon group having from 1 to 8 carbon atoms, 
and they may be the same or different; R^s, R^, Pt*^ and R^^ ggc^ represent a hydrogen atom or a hydrocarbon group 
having from 1 to 20 carbon atoms, and they may be the same or different; R^^ represents a divalent hydrocarbon group 
having from 1 to 10 carbon atoms; R^^ represents a hydrocartran group having from 1 to 20 carbon atoms; q represents 
a number of from 0 to 1 0 on average; and plural R^'O's, if any, may be the same or different. 
[0051] As another preferred example of the terminal structure of the compounds, one end of the molecule is termi- 
nated with a group of formula (VII) or (VIII) as above and the other end thereof is terminated with a group of a general 
formula (XI): 



I I 

— c- 



I 
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wherein R^^. R^^ and R^^ each represent a hydrogen atom or a hydrocarbon group having from 1 to 8 carbon atoms, 
and they may be the same or different. 

[00S2] Of those polyvinyl ether compounds, especially preferred herein are the following: 

5 (1) Compounds comprising structural units of formula (V) and terminated with a group of fomiuta (VII) or (VIII) at 

one end and with a group of formula (IX) or (X) at the other end, in which R^6_ ri7 and R''^ in the unit of formula 
(V) are all hydrogen atoms, k is a number of from 0 to 4, R" is a divalent hydrocarbon group having from 2 to 4 
carbon atoms, and R^" is a hydrocarbon group having from 1 to 20 carbon atoms. 

(2) Compounds composed of structural units of fomnula (V) only and terminated with a group of formula (VII) at 
10 one end and with a group of formula (IX) at the other end, in which R^^, R" and R^^ in the unit of formula (V) are 

all hydrogen atoms, k is a number of from 0 to 4, R'^ is a divalent hydrocarbon group having from 2 to 4 carbon 
atoms, and is a hydrocarbon group having from 1 to 20 carbon atoms. 

(3) Compounds comprising structural units of formula (V) and terminated with a group of formula (VII) or (VIII) at 
one end and with a group of formula (XI) at the other end, in which R^^, and R^^ in the unit of formula (V) are 

15 all hydrogen atoms, k is a number of from 0 to 4, R^^ is a divalent hydrocarbon group having from 2 to 4 carbon 

atoms, and R2° is a hydrocarbon group having from 1 to 20 carbon atoms. 

(4) Compounds composed of structural units of formula (V) only and terminated with a group of formula (VII) at 
one end and with a group of fonnuta (X) at the other end, in which R'6, and R^s in the unit of formula (V) are 
all hydrogen atoms, k is a number of from 0 to 4, R^^ is a divalent hydrocarbon group having from 2 to 4 carbon 

20 atoms, and R^o is a hydrocarbon group having from 1 to 20 carbon atoms. 



[0053] In the invention, also usable are polyvinyl ether compounds comprising structural units of fomiula (V) and 
terminated with a group of formula (VII) noted above at one end and with a group of the following general formula (XII) 
at the other end: 



(C C) 0{R^^O)dR^' 



0(R^'0)cR=' 



wherein R'*^, and R''^ each represent a hydrogen atom or a hydrocarbon group having from 1 to 8 carbon atoms, 
35 and they may be the same or different; and R51 each represent a divalent hydrocarbon group having from 2 to 10 
carbon atoms, and they may be the same or different; R^ and R^^ each represent a hydrocarbon group having from 
1 to 10 carbon atoms, and they may be the same or different; c and d each represent a number of from 0 to 10 on 
average, and they may be the same or different; and plural R^^O's, if any, may be the same or different, and plural 
RS^O's, if any, may also be the same or different. 
40 [0054] Further usable herein are polyvinyl ether compounds of homopolymers or copolymers of alkyi vinyl ethers, 
which comprise structural units of a general formula (XIII) or (XIV): 



-(CH2CH)- 



CH3 



wherein R^^ represents a hydrocarbon group having from 1 to 6 carbon atoms, 

and have a weight-average molecular weight of from 300 to 5, ODD, and of which one end is temiinated with a group 
of a general formula (XV) or (XVI): 
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OR'" 

— ch,chor" 



-CH=CHOR^' (XVI) 

wherein represents an alkyi group having from 1 to 3 carbon atoms; and R^^ represents a hydrocarbon group 
having from 1 to 8 carbon atoms. 

[0055] Some polyvinyl ethers are described in detail in Japanese Patent Laid-Open Nos. 1 28578/1 994 , 1 25649/1 993, 
125650/1993, and 303736/1993, all of which are usable herein. 

[0056] A mixture of polyoxyall<ylene glycol and polyvinyl ether is usable as the base oil for the refrigerator oil for 
carbon dioxide refrigerant of the invention, in which the ratio of the two components may fall between 40/60 and 99.9/0.1 
(by weight - the same shall apply hereunder), but preferably between 50/50 and 99/1 , more preferably between 60/40 
and 98/2. If the amount of the polyvinyl ether component is larger than 60 %. the refrigerator oil comprising the two 
components could not have a desired viscosity index; but if smaller than 0.1 %, the compatibility of the refrigerator oil 
with carbon dioxide component wilt be poor. 

[0057] One preferred embodiment of the refrigerator oil for carbon dioxide refl-igerant of the invention comprises, as 
the essential components, a mixture of a polyoxyalkylene glycol having a kinematic viscosity at 100°C of fi-om 5 to 50 
mm^/sec, preferably from 5 to 40 mm^/sec, more preferably from 7 to 40 mm^/sec. even more preferably from 7 to 30 
mm^/sec, and a polyvinyl ether having a kinematic viscosity at 100°C of from 5 to 50 mm^/sec, preferably from 5 to 30 
mm^^sec, more preferably from 7 to 20 mrr^Jsec. 

[0058] In the mixture for the refrigerator oil, the lowermost limit of the kinematic viscosity of each component is so 
defined that the refrigerator oil comprising the mixture could have a suitable kinematic viscosity and could favorably 
exhibit its lubricity; while the uppermost limit thereof is so defined that the refrigerator oil will not cause power loss to 
interfere with the practicability of refrigerators that are driven with it. 

[0059] Specifically, it is desirable that the refrigerator oil for carbon dioxide refrigerant of the invention, which com- 
prises a mixture of a polyoxyalkylene glycol component and a polyvinyl ether component, has a kinematic viscosity of 
from 5 to 50 mm mm^/sec, more desirably from 5 to 40 mm^/sec, even more desirably from 7 to 30 mm^/sec. Also 
desirably, the it has a viscosity index of at least 60, more desirably at least 100, even more desirably at least 120, still 
more desirably at least 130. If the viscosity index of the refrigerator oil is smaller than 60, the substantial kinematic 
viscosity thereof will be lowered at high temperatures. If so, the refrigerator oil could not meet the requirement of good 
lubricity. 

[0060] It is desirable that the critical solution temperature for carbon dioxide refrigerant of the refrigerator oil of the 
Invention, which comprises, as the essential components, a mixture of a polyoxyalkylene glycol component and a 
polyvinyl alcohot component, is not lower than -60°C, more preferably not lower than -SO'C. The refrigerator oil having 
a high critical dissolution temperature is favorable as it may keep good lubricity in refrigeration cycles. 
[0061] The critical solution temperature for carbon dioxide refrigerant of the refrigerator oil may be measured by 
dissolving a 9/1 (by weight) mixture of carbon dioxide and the refrigerator oil al an ullra-low temperature followed by 
heating it at a predetermined constant heating rate whereupon the mixture is separated into two layers through phase 
separation in the heating process. The temperature at which the mixture being heated is separated into two layers 
through phase separation indicates the critical solution temperature of the refrigerator oil for the carbon dioxide refrig- 
erant. Concretely, the method for measuring the temperature is described in the following section of Examples. 

(A-3) Polyesters: 

[0062] Polyesters to be used as the base oil for use in the invention include Q)polyalcohol esters, 3nd<^olycart?ox- 
ylates. 

©Polyalcohol Esters: 

[0063] The polyalcohol esters may be esters of aliphatic polyalcohols with linear or branched fatty acids. 
[0064] The aliphatic polyalcohols for the esters include, for example, ethylene glycol, propylene glycol, butylene 
glycol, neopentyl glycol, trimethyiolethane, ditrimethylolethane, trimethylotpropane, ditrimethylolpropane, glycerin, 
pentaerylhritol. dipentaerythritol, tripentaerythritol, and sorbitol. 
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[0065] The fatty acids may have from 3 to 12 cartoon atoms. As preferred examples of the fatty acids, mentioned are 
propionic acid, butyric acid, pivaiic acid, valeric acid, caproic acid, heptanoic acid, octanoic acid, nonanoic acid, deca- 
noic acid, dodecanoic acid, isovaleric acid, neopentanoic acid, 2-methy!valeric acid, 2-ethylvateric acid, 2-methylhex- 
anoic acid, 2-ethylhexanoic acid, isooctanoic acid, isononanolc acid, isodecanoic acid, 2.2-dimethyioctanoic acid, 
5 2-butyloc1anoic acid, and 3,5,5-trimelhylhexanoic acid. Semiesters of aliphatic polyalcohols with linear or branched 
fatty acids are also employable herein. 

[0066] As the esters of aliphatic polyalcohols with linear or branched falty acids, especially preferred are esters of 
pentaerythritol, dipentaerythritol or tripentaerythritol with fatty acids having from 5 to 12 carbon atoms, more preferably 
from 5 to 9 carbon atoms, such as valeric acid, hexanoic acid, heptanoic acid, 2-methylhexanoic acid, 2-ethyJhexanoic 
10 acid, isooctanoic acid, isononanoic acid, isodecanoic acid, 2,2-dimethyloctanoic acid, 2-butyloctanoic acid, and 
3,5,5-trimethylhexanoic acid. 

[0067] Also usable herein are complex esters composed of semiesters of aliphatic polyalcohols with linear or 
branched C3-9 fatty acids, and aliphatic dibasic acids or aromatic dibasic acids. For such complex esters, preferred 
are C5-7 fatty acids, more preferably C5-6 fatly acids. The fatty acids of that type include valeric acid, hexanoic acid, 

'5 isovaleric acid, 2-methylbutyric acid, 2-ethyl butyric acid, and their mixtures. Especially preferred are mixtures of a C5 
fatty acid and a C6 fatty acid as mixed in a ratio by weight falling between 10/90 and 90/10. Along with those fatly 
acids, used are aliphatic dibasic acids for esterificalion with polyalcohols. The aliphatic dibasic acids include succinic 
acid, adipic acid, pimstic acid, suberic acid, azelaic acid, sebacic acid, undecane-diacid, dodecane-diacid, tridecane- 
diacid, and docosane-diacid. Also usable are aromatic dibasic acids, including phthalic acid and isophthalic acid. The 

20 esterification for preparing the complex esters comprises reacting a polyalcohol with a dibasic acid in a predetermined 
ratio to give a semiester followed by reacting the resulting semiester with a fatty acid, or the order of reacting a poly- 
alcohol with a dibasic acid and a fatty acid may be reversed, or a dibasic acid and a fatty acid may be mixed and 
reacted both at a time with a polyalcohol for the intended esterification. 

[0068] Also preferred for use herein are polyalcohol esters to be prepared by reacting an acid fluoride of a general 
25 formula (XV(I): 




(XVII) 



35 wherein R^^ to each represent an alkyi group having from 1 to 13 carbon atoms, provided that the alkyi group 
having 4 or more carbon atoms shall have at least one branch and that the total of the carbon atoms constituting 
to RSfi shall fad between 3 and 23. 

with a polyalcohol, as their moisture absorption to saturation is low (see Japanese Patent Laid-Open No. 157219/1997). 
40 ©Polycarboxytates: 

[0069] Dicarboxylates are usable herein, which may be dialkyi esters of aliphatic or aromatic dicarboxylic acids (hav- 
ing from 16 to 22 carbon atoms). 

[0070] The aliphatic dicarboxylic acids include, for example, succinic acid, glutaric acid, adipic acid, pimelic acid, 
*5 suberic acid, azelaic acid, sebacic acid, undecane-diacid, dodecane-diacid, tridecane-diacid, and docosane-diacid; 
and the aromatic dicarboxylic acids include, for example, phthaiic acid, and isophthalic acid. The alcohol components 
for the esters may be of C5-8 alcohols, including, for example, amyl alcohol, hexyl alcohol, heptyl alcohol, and octyl 
alcohol. Preferred examples of the esters are dioctyl adipate, diisoheptyl adipate, dihexyl sebacate, diheptyl succinate, 
dioctyl phthalate. diisoheptyl phthalale, and diisoamyl phlhalate. 
50 [0071] Tri- or higher poly-carboxylates are also usable herein, for which polycarboxylic acids may be aliphatic poly- 
carboxylic acids such as 1,2,3.4-butane-telracarboxylic acid, or aromatic polycarboxylic acids such as trimellitic acid, 
and pyromellilic acrd. The alcohol components for the esters may be of monoalcohols with a linear or branched C3-12 
alkyi group, or polyalkylene glycol monoalcohols of a formula, H-(R'0)p-R in which R" indicates a C2-8 alkylene group, 
R indicates a C1-10 alkyi group, and n is an integer of from 1 to 10. Herein usable are polycarboxylates to be prepared 
55 by esterifying the polycarboxylic acids mentioned above with alcohols such as those also mentioned above, as well 
as complex esters to be prepared by reacting those polycarboxylic acids with those alcohols and further with other 
polyalcohols such as ethylene glycol or propylene glycol for esterification. 

[0072] Alicyclic polycarboxylates are also usable herein, which may be represented by the following general formula 
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(XVIII): 



,59 



X 



■ COOR' 



,60 




xoor' 



,61 



<XVIII) 



wherein A represents a cyclohexane ring or a cyclohexene ring; R^^ represents a hydrogen atom or a methyl group; 
X represents a hydrogen atom or COOR62; Y represents a hydrogen atom or COOR^^; and R^" to R" each Indicate 
a C3-18 alkyi group or a C3-10 cycloalkyi group, and they may be the same or different. 

[0073] These esters may be prepared by esterifying a predetermined acid component with a predetermined alcohol 
component in any ordinary manner, but preferably in an inert gas atmosphere of nitrogen gas or the like, in the presence 
or absence of an esterification calalyst, and under heat with stirring the components. 

[0074] The acid component includes cycloalkane-polycarboxylic acids, cycloalkene-polycarboxylic acids and their 
anhydrides. One or more of those compounds may be used either singly or as combined, for the acid component. 
Concretely mentioned are 1.2-cyclohexane-clicarboxyIic acid, 4-cyclohexene-1,2-dicarboxylic acid, 1-cyclohexene- 
1,2-dicarboxylic acid, 1.3-cyclohexane-dicarboxylic acid, 1 ,4-cycIohexanedicarboxylic acid, 3-methyt-1 ,2-cyclohex- 
ane-dicarboxylic acid, 4-methyl-1,2-cyclohexane-dicart)oxylic acid, 3-methyl-4-cyclohexene-1,2-dicarboxyiic acid. 
4-methyl-4-cyclohex6ne-1,2-dicarboxylic acid, 1 ,2,4-cyclohexanetricarboxylic acid, 1 ,3.5-cyclohexane-tricarboxylic 
acid, 1 ,2,4,5-cyclohexane-tetracarboxylic acid, and their anhydrides. Of those, prefen-ed are 1 ,2-cyclohexanedicarbo- 
xylic acid, 3-methyl-1,2-cyclohexane-dicarboxylic acid, 4-methyl-1,2-cyclohexane-dicarboxylic acid, 4-cyclohex6ne- 
1,2-dicarboxylic acid, 3-methyl-4-cyclohexene-1,2-dicarboxylic acid, 4-methyl-4-cyclohexene-1,2-dicarboxylic acid, 
and their anhydrides. 

[0075] The alcohol component includes linear or branched aliphatic C3-18 alcohols, and alicyclic C3-10 alcohols. 
Specific examples of the linear aliphatic alcohols are n-propyl alcohol, n-butanol, n-pentanol, n-hexanol, n-heptanol, 
n-octanof, n-nonanol, n-decanol, n-undecanol, n-dodecanol, n-telradecanol, n-hexadecanol, n-octadecanol, etc. 
[0076] Specific examples of the branched aliphatic alcohols are isopropanol, isobufanol, sec-bufanoi, isopentanol, 
isohexano!, 2-methylhex3nol, 2-methylheptanol, isoheptanol, 2-ethythexanol, 2-octanol, isooctanol. 3,5,5-trimethyl- 
hexanol, isodecanol, isoundexanol, isotridecanol, isotetradecanol, isohexadecanol, isooctadecanol, 2, 6-dimetbyl- 
4-heptanol, etc. 

[0077] Specific examples of the alicyclic alcohols are cyclohexanol, methylcyclohexanol, dimethylcyclohexanol. etc. 
[0078] Of those alicyclic polycarboxylates to t>e prepared from such polycarboxylic acids and alcohols, especially 
prefened are diisobutyl 1,2-cyclohexane-dicarboxylate, dicyctohexyl 1,2-cyclohexane-dicarboxylate. diisoheptyl 
1,2-cyclohexanedicarboxylate, di(2-ethylhexyl) 1 ,2-cyclohexanedicarboxylate, di(3,5,5-trimethylhexyl) 1 ,2-cyclohex- 
anedicarboxytate, di(2.6-dimethyl-4-hepty!) 1,2-cyclohexanedicarboxylate, diisodecyl 1,2-cyclohexane-dicarboxylate, 
diisoundecyl 1,2-cyclohexane-dicarboxylate, dicyclohexyl 4-cyclohexene-1,2-dicarboxyJate, diisoheptyl 4-cyclohex- 
ene-1,2-dicarboxylate, dt(2-ethylhexy() 4-cyclohexene-1,2-dicarboxylate, di(3,5,5-trimethylhexyl) 4-cyclohexene- 
1 ,2-dtcarl30xylate, di(3,5,5-trlmethylhexyl) 3-me{hyl-1,2-cyclohexane-dicarboxylate, d((3,5,5-trimethyihexyl) 4-methy!- 
1 ,2-cyclohexane-dicarfaoxylate, di(3,5.5-trimethylhexyt) 3-methyl-4-cyclohexene-1 ,2-dicarboxylate, di(3,5,5-trimethyl- 
hexyl) 4-methyl-4-cyclohexene-1 ,2-dicarboxylate, and tetra(3,5,5-trimefhylhexyl) 1,2.4,5-cyclohexane-tefracarboxy- 
late. 

[0079] The alicyclic polycarboxylates may be mixed with any other esters (hereinafter these are referred to as addi- 
tional esters), with which their physical balance including volume-specific resistivity and viscosity could be improved. 
The additional esters include adipates, azelates, sebacates, phthalates, trimellitates, and polyalcohoi esters. The poly- 
alcohol component for the polyalcohoi esters includes neopentyl glycol, trimethylolpropane, pentaerythritol, dipentaer- 
ythritol, etc. The acid component for them includes isobutyric acid, 2-ethylbutyric acid, Isovaleric acid, pivalic acid, 
cyclohexanecarboxylic acid, 2-melhylpenlanoic acid, 2-ethylpentanoic acid, 2-methylhexanoic acid, 2-elhylhexanoic 
acid, 3,5,5-trimethylhexanoic acid, etc. 

[0080] Apart fi-om ®and ©mentioned above, further employable herein are diesters to be prepared by esterifying 
monoalcohol-alkylene oxide adducts with aliphatic dicarboxylic acids such as adipic acid, pimelic acid, suberic acid, 
azelaic acid, sebacic acid, undecane-diacid. dodecane-diacid, or docosane-diacid. or with aromatic dicarboxylic acids 
such as phthalic acid. Still further employable are esters to be prepared by esterifying polyalcohol-alkylene oxide (1 to 
10 mols) adducts in which the polyalcohoi may be. for example, glycerin or trimethylolpropane, with C3-12 fatty acids 
such as propionic acid, butyric acid, valeric acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic 
acid, dodecanoic acid, 2-methylhexanoic acid, 2-ethylhexanoic acid, isooctanoic acid, isononanoic acid, isodecanoic 
acid, 2,2-dimethyloctanoic acid, or 2-butyloctanoic acid. 
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©aher Polyesters: 

[0081] Still other polyesters employable herein are fumarate oligomers and hydroxypivalales. 
[0082} The fumarate oligomers may be homopolymers of fumarales or copolymers of fumarates with unsaturated 
5 aliphatic hydrocarbons, and may be represented by a general formula (XIX) : 

COOR^* 

'° — (r")^<ch-ch)^ 

COOr" (XIX) 



wherein represents an alkylene group, a substituted alkylene group, or an alkylene oxide group; R^^ and each 
represent a C1-9 alkyl group, an ailyl group, or a terminal-substituted or unsubstttuted polyalkylene oxide group, and 
these may be the same or different; e is 0 or an integer of at least one, f is an integer of at least one; and is not 
larger than 50 mol% of the oligomer. 

[0O83] Concretely mentioned are diethyl fumarate oligomers and dibutyl fumarate oligomers. 

[0084] In formula (XIX), both terminals are of residues of the polymerization initiator used in polymerization to give 

the oligomers, and are not shown. 

[0035] Also mentioned are alkyl fumarate copolymers comprising from 1 to 50 mol% of structural units of a formula 
(XX): 

COOC,Hc 
I 

— (CH-CH) 

I 

COOC2H5 

and from 50 to 99 mol% of structural units of a general formula (XXI): 



COOR" 
I 

(CH— CH) 



wherein R^'^ and each represent a C3-8 alkyl group, and they may be the same or different. 
[0086] The hydroxypivalates may be represented by a general formula (XXII): 



O O 
R"-C-[0-C(CH3)2C)gO-R^° (XXII) 

wherein R^s and R^° each represent a C2-1 0 alkyl group, and g is an integer of from 1 to 5. 
(A-4) Carbonates: 

[0087] Carbonates for use herein include compounds of a general formula (XXIII): 
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O O 

r^Mo-c-o-r^^)v,o-c-o-r''^ <XXIII) 

wherein R^' represents a C2-10 alkyi group; R''^ represents a C2-10 alkylene or cycloalkylene group; and h is an 
integer of from 1 to 4, 

and compounds of a general formula (XXIV): 
O 

R"(0-C-O-R'^i (XXIV) 

wherein PJ^ represents a hydroxy) group-having C2-6 polyalcohol residue: R^** represents a C2-10 alkyI group; and i 
is an integer of from 2 to 6. 

[0088} Those carbonates may be prepared by interesterifying dimethyl carbonate with alcohols in the presence of a 
basic catalyst. 

[0089] Also usable herein are compounds of a general fomiula (XXV): 



O 

" r''^! (BO)iO-C-O-R'^] 3 (XXV) 

wherein R''* represents a C1-10 alkyI group; R7^ represents a C2-10 alkyi group; j is an integer of from 2 to 10; I is an 
integer of from 2 to 100; and -BO- represents -CH2-CH(CH3)-0- or -CH2-CH2-O-. 
30 [0090] The carbonates may be prepared, for example, by reacting carbonic acid with alkylene oxides. In those, the 
alkylene oxide moiety added to the carbonate moiety may be from a single ethylene oxide or a single propylene oxide 
or may also be from their mixture. 

[0091] Of the oxygen-containing compounds of (A-1) to (A-4), especially prefen-ed are those of {A-1) and (A-2). 
[0092] The base oil for use in the invention may comprise one and the same type of or two or more different types 
35 of the oxygen-containing compounds of (A-1) to {A-4) either singly or as combined. For example, it may comprise one 
compound (A-1), or may comprise two or more of the same type of the compounds (A-1), or may even comprise two 
or more of different types of compounds (A-1) and (A-2). either singly or as combined. 

[0093] The base oil shall comprise any of the compounds (A-1 ) to {A-4) as the essential component, but, if desired, 
it may optionally contain a minor amount of any other compounds of, for example, mineral oils, hydrocarbons such as 

40 poly-a-olefins, monoesters, etc. 

[0094] The refrigerator oil of the invention may further contain a metal salt of a carboxylic acid. The metal carboxylate 
is preferably a metal salt of a cart)oxylic acid having from 3 to 60 carbon atoms, more preferably from 3 to 30 carbon 
atoms, even more preferably from 12 to 30 carbon atoms. If may also be a metal salt of a dimer or trimer acid of fatty 
acids such as those mentioned hereinabove, or a metal salt of a dicarljoxylic acid having from 3 to 30 carbon atoms. 

45 Of those, especially preferred for use herein are metal salts of fatty acids having from 12 to 3D cartjon atoms, and 
metal salts of dicarboxylic acids having from 3 to 30 carbon atoms. 

[0095] Preferably, the metal component for the metal salts is of alkali metals or alkaline earth metals. Most preferred 
are alkali metals. 

[0096] Various types of carboxylic acids are employable for forming the metal carboxylates. including, for example, 
50 aliphatic saturated monocarboxylic acids, aliphatic unsaturated monocarboxytic acids, aliphatic dicarboxylic acids, ar- 
omatic carboxylic acids, etc. 

[0097] More concretely, the aliphatic saturated monocarboxylic acids include, for example, linear saturated acids 
such as caproic acid, caprylic acid, capricacid, lauric acid, myristic acid, palmitic acid, stearic acid, arachic acid, cerotic 
acid, lacceric acid, etc.; and branched fatty acids such as isopentanoic acid, 2-mefhylpentanoic acid, 2-methylbutanoic 
ss acid, 2,2-dimefhylbutanoic acid, 2-methylhexanoic acid, 5-methylhexanoic acid, 2,2-dimefhylheptanoic acid. 2-ethyl- 
2-methylbutanoic acid, 2-ethylhexanoic acid, dimethylhexanoic acid, 2-n-propylpentanotc acid, 3, 5, 5-trimethylhexa- 
noic acid, dimethyloctanoic acid, isotridecanoic acid, isomyrist/c acid, isostearic acid, isoarachic acid, isohexanoic acid, 
etc. The unsaturated carboxylic acids include, for example, palmitoleic acid, oleic acid, eJaidic acid, linolic acid, linolenic 
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acid, and also unsaturated hydroxy acids such as ricinoleic acid, etc. The aliphatic dicart)oxylic acids include, for ex- 
ample, adipic acid, azelaic acid, sebacic acid, etc. The aromatic carboxylic acids include, for example, benzoic acid, 
phthallc add. trimeilitic acid, pyromellitic acid, etc. Also employable are alicyclic fatty acids such as naphthenic acid, 
etc. Two or more of those carboxylic acids may be used as combined. 

[0098] The metal for the metal carboxytales is not specifically defined, and various types of metals are usable for 
them. For example, usable are alkali metals such as lithium, potassium, sodium, etc.; alkaline earth metals such as 
magnesium, calcium, strontium, etc.; and other nwtals such as zinc, nickel, aluminium, etc. Preferred are alkali metals 
and alkaline earth metals, and most preferred are alkali metals. 

[0099] l=^or the metal component for the metal carboxylates. the metal is not limited to only one for one carboxylic 
acid component, but one metal carboxylate may have two or more metals. 

{0100] In the refrigerator oil of the invention, the amount of the metal carboxylate preferably fall between 0.001 and 
5 % by weight, more preferably between 0.005 and 3 % by weight. If it is smaller than 0.001 % by weight, the abrasion 
resistance of the refrigerator oil will be unsatisfactory; but if larger than 5 % by weight, the stability of the refrigerator 
oil will be poor. Anyhow, overstepping the defined range is unfavorable. 

[01 01] For producing the refrigerator oil of the invention that contains such a metal carboxylate, the metal carboxylate 
may be added to the base oil for the refrigerator oil. for which various methods may be employable. In order to enhance 
the solubility of the metal carboxylate in the base oil, one preferred method is recommended for producing the intended 
refrigerator oil. The method is for previously dissolving or dispersing the metal carboxylate in a solvent. Precisely, the 
method comprises putting a carboxylic acid and an alkali hydroxide into a solvent, and reacting them at room temper- 
ature or under heat to thereby form a metal carboxylate dissolved or dispersed in the solvent. Next, the resulting solution 
or dispersion of the metal cartjoxylate in the solvent is directly added to, and mixed and dispersed in a base oil. In that 
manner, a metal carboxylate is previously dissolved or dissolved in a solvent, and thereafter the resulting solution or 
dispersion of the metal salt is efficiently formulated with a base oil into the intended refrigerator oil of the invention. 
[0102] Various types of solvents are employable for that purpose. For example, employable are monoalcohols such 
as n-butyl alcohol, iso-butyl alcohol, sec-butyl alcohol, t-butyl alcohol, n-amyl alcohol, iso-amyl alcohol, sec-amyl al- 
cohol, n-hexyl alcohol, methylamyl alcohol, ethylbutyl alcohol, heptyl alcohol, n-octyl alcohol, sec-octyl alcohol, 2-ethyi- 
hexyl alcohol, iso-octyl alcohol, n-nonyl alcohol. 2,6-dimethyl-4-heptanol, n-decyl alcohol, cyclohexanol. etc.; glycols 
and polyalcohols such as ethylene glycol, diethylene glycol, Iriethylene glycol, tetraethylene glycol, propylene glycol, 
dipropytene glycol, 1,4-butylene glycol, 2,3-butylene glycol, hexylene glycol, octylene glycol, glycerin, etc.; and cello- 
solves such as ethylene glycol monomethyl ether, ethylene glycol ethyl ether, ethylene glycol diethyl ether, ethylene 
glycol butyl ether, ethylene glycol dibutyl ether, ethylene glycol phenyl ether, ethylene glycol benzyl ether, ethylene 
glycol ethylhexyl ether, diethylene glycol ethyl ether, diethylene glycol diethyl ether, diethylene glycol butyl ether, di- 
ethylene glycol dibutyl ether, propylene glycol methyl ether, propylene glycol ethyl ether, propylene glycol butyl ether, 
dipropytene glycol methyl ether, dipropyiene glycol ethyl ether, tripropylene glycol methyl ether, tetraethylene glycol 
dimethyl ether, tetraethylene glycol dibutyl ether, etc. Also employable are cnawn ethers such as benzo-15-crown-5, 
benzo-12-crown-4, benzo-18-crown-6, dibenzo-18-crown-6, etc.; ketones such as ethyl butyl ketone, dipropyl ketone, 
methyl amylketone, methyl hexyl ketone, diisobutyl ketone, etc.; as well as fatly acids such as those having from 3 to 
30 carbon atoms as above. 

[01 03] The concentration of the metal salt to be dissolved or dispersed in the solvent is not specifically defined, and 
may be suitably determined depending on the ambient conditions. 

[0104] The refrigerator oil for carbon dioxide refrigerant of the invenlion may optionally contain any other additives. 
In addition to the components noted above. For example, it may contain any known extreme pressure agent, add 
scavenger, antioxidant and preservative. 

[0105] The extreme pressure agent may be a sulfur-containing extreme pressure agent, including, for example, 
phosphates, acid phosphates, phosphites, add phosphites, and their amine salts. Thephosphates indude, for example, 
triaryl phosphates, trialkyi phosphates, trialkylaryl phosphates, triarylalkyl phosphates, and triatkenyl phosphates. Their 
specific examples are triphenyl phosphate, tricresyl phosphate, benzyldiphenyl phosphate, ethyldiphenyl phosphate, 
tributyl phosphate, ethyldibutyl phosphate, cresyldiphenyl phosphate, dicresylphenyl phosphate, ethylphenyidiphenyl 
phosphate, diethylphenylphenyl phosphate, propylphenyldiphenyl phosphate, dipropylphenylphenyl phosphate, tri- 
ethylpheny! phosphate, tripropylphenyl phosphate, butylphenyldiphenyl phosphate, dibutylphenylphenyl phosphate, 
tributylphenyl phosphate, trihexyl phosphate, lri(2-ethylhexyl) phosphate, tridecyl phosphate, trilauryl phosphate, 
trimyristyl phosphate, tripalmityl phosphate, trisfearyl phosphate, and trioleyl phosphate. 

[0106] Specific examples of the actd phosphates are 2-ethylhexyt acid phosphate, ethyl acid phosphate, butyl acid 
phosphate, oleyl acid phosphate, tetracosyi acid phosphate, isodecyl acid phosphate, lauryl add phosphate, tridecyl 
acid phosphate, stearyl acid phosphate, and isostearyl acid phosphate. 

[0107] Specific examples of the phosphites are triethyl phosphite, tributyl phosphite, triphenyl phosphate, tricresyl 
phosphite, tri(nonylphenyt) phosphite, tri(2-ethylhexyl) phosphite, tridecyl phosphite, trilauryl phosphite, triisooctyl 
phosphite, diphenylisodecyl phosphite, tristearyl phosphite, trioleyl phosphite, and 2-ethylhexyldiphenyl phosphite. 
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[0108] Specific examples of the acid phosphites are dibutyl hydrogenphosphite, dilauryl hydrogenphosphile, diofeyl 
hydrogenphosphite, dtstearyl hydrogenphosphite, and diphenyl hydrogenphosphite. 

[0109] Amines to form amine salts with the compounds mentioned above are, for example, mono-substituted amines, 
di-substifuted amines and tri-substituted amines of a general fonnula (XXVI); 

r'^^NHj.^ (XXVI) 

wherein R^^ represents a C3-30 all<yl or alkenyl group, a C6-30 aryl or aralkyi group, or a C2-30 hydroxyalkyi group, 
and s is 1, 2 or 3; and plural R^'s, if any, may be the same or different. 

[0110] The C3-30 alkyi or alkenyl group for R'^'' in formula (XXVI) may be linear, branched or cyclic. 
[0111] Specific examples of the mono-substituted amines are bulylamine, pentylamine, hexylamine, cyclohexy- 
lamine, octylamine, laurylamine, stearylamine, oleylamine, and benzylamine; and those of the di-subslituted amines 
are dibutylamine, dipentylamine, dihexylamine, dicyclohexylamine, dioctylamine. dilaurylamine. distearylamine, dio- 
leylamine, dibenzylamine, stearylmonoefhanolamine, decylmonoethanolamine, hexylmonoethanolamine. benzylmo- 
noethanolamine, phenylmonoethanolamine, and tolylmonopropanolamine. Specific examples of the tri-substituted 
amines are tributylamine, tripentylamine. trihexylamine, tricyclohexylamine, trioctylamine, trilaurylamine, tristear- 
ylamine, trioleylamine, tribenzylamine, dioleylmonoethanolamine, dilaurylmonopropanolamine, dioctylmonoeth- 
anolamine, dihexylmonopropanolamine, dibutylmonopropanolamine, oleyldielhanolamine, stearyldipropanolamine, 
lauryldiethanolamine, octyldipropanolamine, butyldiefhanolamine, benzyldielhanolamine, phenyldiethanolamine, 
lolyldipropanolamine, xylyldiethanolamine, triethanofamine, andtripropanolamine, 

[0112] Of those phosphorus-containing extreme pressure agents, preferred are tricresyl phosphate, tri (nonylphenyl) 
phosphite, dioteyl hydrogenphosphite, and 2-elhylhexyldiphenyl phosphite, as having good extreme pressure-improv- 
ing capabilities and good friction-reducing capabilities. 

[0113] Apart from the extreme pressure agents noted above, further employable herein are sulfur-containing extreme 
pressure agents, which include, for example, sulfidized oils and fats, sulfidized fatty acids, ester sulfides, olefin sulfides, 
dihydrocarbyl polysulfides. thiocarbamates, thioterpenes, and dialkylthio dipropionates. The sulfidized oils and fats 
may be prepared by reacting sulfur or a sulfur-containing compound with oils and fats (lard oil. whale oil, vegetable oil, 
fish oil, etc.). Their sulfur content is not specifically defined, but preferably falls between 5 and 30 % by weight. Specific 
examples of the sulfidized oils and fats are sulfidized lard, sulfidized rapeseed oil, sulfidized castor oil. sulfidized soy- 
bean oil, and sulfidized rice bran oil. One example of the sulfidized fatty acids is oleic acid sulfide. Examples of the 
ester sulfides are methyl oleale sulfide, and sulfidized octyl esters of rice bran fatly acids. 
[0114] As the olefin sulfides, for example, mentioned are compounds of a general formula (XVIII): 

R^ - S.r - R^^ (XVIII) 

wherein R56 represents a C2-15 alkenyl group; R^^ represents a C2-15 alkyI or alkenyl group; and t is an integer of 
from 1 to 8. 

[0115] The compounds may be prepared by reacting a C2-15 olefin or its dimer, trimer or tetramer with a sulfidizing 
agent such as sulfur or sulfur chloride. As the olefin, preferred are propylene, isobutene and diisobutene. 
[0116] The dihydrocarbyl polysulfides are compounds of a general formula (XIX): 

R^ - S„ - R^^ (XIX) 

wherein and R^^ each represent a CI -20 alkyI or cycloalkyi group, a C6-20 aryl group, a C7-20 alkylaryl group, or 
a C7-20 arylalkyi group, and these may be the same or different: and u is an integer of from 2 to 8. 
[0117] Of the compounds, those where R^^ and R^^ are both alkyI groups are refen-ed to as alkyI sulfides. 
[0118] In formula (XIX), specific examples of and R^^ qj-q q methyl group, an ethyl group, an n-propyl group, an 
isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, all types of pentyl groups, 
all types of hexyl groups, all types of heptyl groups, all types of octyl groups, all types of nonyl groups, all types of decyl 
groups, all types of dodecyl groups, a cyclohexyl group, a cyclooctyl group, a phenyl group, a naphthyt group, a folyl 
group, a xylyl group, a benzyl group, and a phenethyl group. 

[0119] Preferred examples of the dihydrocarbyl polysulfides are dibenzyl polysulfide, di-tert-nonyl polysulfide, dido- 
decyl polysulfide, di-tert-butyl polysulfide, dioctyl polysulfide, diphenyl polysulfide. and dicyclohexyl polysulfide. 
[0120] One example of the thiocarbamates is zinc drthiocarbamate; examples of the thioterpenes are reaction prod- 
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ucts of phosphorus pentasulfide with pinene; and examples of thedialkylthiodipropionates are dilauryithiodiproptonate 
and distearylthio dipropionale. 

[0121] Further employabie herein are carboxylic acid-based extreme pressure agents, such as metal carboxylates. 

[0122] For the metal carboxylates. referred to are those mentioned hereinabove. For their amount to be in the re- 
5 frigerator oil, and for the method of adding them to the oil. also refenred to are those mentioned hereinabove. 

[0123] The refrigerator oil of the invention may contain one or more of the extreme pressure agents noted above, 

either singly or as combined. The extreme pressure agent content of the refrigerator oil preferably falls between 0.005 

and 5 % by w/eight relative to the base oil to be in the refrigerator oil. If the content is smaller than 0.005 % by weight. 

the refrigerator oil could not have good pressure resistance and friction resistance. On the other hand, if the content 
10 is larger than 5 % by weight, the oil will form much sludge. 

[0124] Containing the phosphorus-containing extreme pressure agent as above, the refrigerator oil could exhibit 

much improved lubricity even in a supercritical carbon dioxide atmosphere. 

[0125] The acid scavenger that may be optionally in the refrigerator oil of the invention Includes, for example, epoxy 
compounds such as phenyl glycidyl ethers, alkyi glycidyl ethers, alkylene glycol giycidyl ethers, cyclohexene oxides. 

is a-olefin oxides, and epoxidated soybean oils. Of those, preferred are phenyl glycidyl ethers, alkyI glycidyl ethers, 
alkylene glycol glycidyl ethers, cyclohexene oxides and a-olefin oxides, in view of their compatibility with base oil. 
[0126] The refrigerator oil may contain one or more of those acid scavengers either singly or as combined. The acid 
scavenger content of the refrigerator oil preferably falls between 0.005 and 5 % by weight relative to the base oil. If 
the content is smaller than 0.005 % by weight, the acid scavenger could not exhibit its acid-scavenging capabilities. 

20 On the other hand, if the content is larger than 5 % by weight, the acid scavenger will cause sludge formation in the 
refrigerator oil. Containing both the extreme pressure agent and the acid scavenger, the refrigerator oil could keep 
better stability and could exhibit better lubricity even when exposed to a supercritical carbon dioxide atmosphere. In 
the refrigerator oil containing both the two, the total amount of the two desirably falls between 0.005 and 5 % by weight 
relative to the base oil. 

25 [0127] The antioxidant includes, for example, phenolic antioxidants such as 2,6-di-tert-butyl-4-methylphenol, 2,6-di- 
tert-bulyl-4-ethylphenot, and 2,2'-methylenebis(4-methyl-6-tert-butylphenol); and amine-type antioxidants such as phe- 
nyl-ot-naphthylamine, phenyl-p-naphthylamine. and N,N'-diphenyl-p-phenylenediamine. Especially preferred are phe- 
nolic antioxidants. The refrigerator oil may contain such an antioxidant in an amount of from 0.01 to 5 % by weight, 
preferably from 0.05 to 3 % by weight. If its content is smaller than 0.01 % by weight, the antioxidant could not satis- 

30 factorily exhibit its effect. However, even if its content is larger than 5 % by weight, the elTect of the antioxidant will not 
be enhanced any more. Containing the acid scavenger and the extreme pressure agent along with the antioxidant, the 
refrigerator oil could have much more enhanced stability even when exposed to a supercritical carbon dioxide atmos- 
phere. 

[0128] The base oil constituting the refrigerator oil of the invention may optionally contain still other known additives 
35 of, for example, copper inactivators such as benzotriazole and its derivatives, e.g., N-[N,N'-di(3-12C)alkylaminomethyn 
tolutriazoles, and defoaming agents such as silicone oil and fluorosllicone oil, so far as the additives do not interfere 
with the object of the invention. The amount of the additives to be in the base oil may fall between 0.5 and 1 0 % by weight. 
[0129] The carbon dioxide refrigerant as refen^ed to herein indicates any and every one comprising carbon dioxide 
as the essential component, and it may contain any additional refrigerant components of, for example, hydrocarbons 
■*o such as propane or isobutane; ammonia; Flons such as hydrofiuorocarbons and fluorocarbons, typically 
1.1,1,2-letrafluoroethane (R-134a). Even though the refrigerant contains any such additional components but so far 
as it comprises carbon dioxide as the essential component, the refrigerator oil is effective thereto and produces good 
results when applied thereto. 

[0130] In the method of using the refrigerator oil of the invention for lubricating refrigerators, it is desirable that the 
45 ratio of the carbon dioxide-based refrigerant to be combined with the refrigerator oil to the refrigerator oil, refrigerant/ 
refrigerator oil, falls between 99/1 and 10/90 by weight. If the amount of the refrigerant is smaller than the defined 
range, the refrigerating capabilities of the refrigerator oil combined with the refrigerant will be poor. If, on the other 
hand, the amount of the refrigerant is larger than that range, the lubricating capabilities of the refrigerator oil will be 
poor. Anyhow, the amount of the refrigerant overstepping the defined range is unfavorable. For these reasons, the 
50 ratio by weight of refrigerant/refrigerator oil is more preferably from 95/5 to 30/70. 

[0131] The refrigerator oil of the invention is applicable to various types of refrigerators, and is especially suitable to 
the compression refrigeration cycle for compression refrigerators, (n particular, the refrigerator oil of the invention ex- 
hibits its effects more effectively, when applied to compression refrigeration cycles equipped with an oil separator and/ 
or a hot gas line, such as those illustrated in Fig. 1 to 3 attached hereto. As a mie, a compression refrigeration cycle 
55 comprises compressor-condenser-expansion valve-evaporator. The lubricating oil for refrigerators generally has good 
compatibility with the refrigerant for them. However, when a carbon dioxide-based refrigerant is used in the refrigeration 
cycle as above and when the refrigerator is lubricated with ordinary refrigerator oil, the ability of the oil to prevent 
machine parts from being wom away will be often poor and the stability of the oil will be also poor. As a result, it is 
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often impossible to use the refrigerator oil for a long period of time. In particular, this tendency is noticeable when the 
refrigerator oil is used in refrigeration cycies for electric refrigerators or small-sized air conditioners in which a capillary 
tube is used as the expansion valve. In that situation, the refrigerator oil of the Invention is still elfeclive even in driving 
a compression refrigeration cycle equipped with an oil separator and/or a hot gas line, for which is used a carbon 
5 dioxide-based refrigerant 

EXAMPLES 

[0132] The invention is described in more detail with reference to the following Examples, which, however, are not 
10 intended to restrict the scope of the invention. 

[0133] The properties and the capabilities of the refrigerator oil samples produced In Examples were determined 
according to the following methods. 

Stability Test: 

15 

[0134] 40 g of an oil sample, 40 g of carbon dioxide refrigerant, ar>d a metal catalyst of copper, aluminium and iron 
were put into a 120 ml autoclave, to which was added water to make the system have. a water content of 2000 ppm. 
The autoclave was sealed, and kept at 175°C for 10 days. After thus left, the oil sample was analyzed. During the 
experiment, the inner pressure was kept at 16 MPa. 

20 

Abrasion Test: 

[0135] Used herein was a closed Falex abrasion tester with a pinAjlock combination of steel pin (SUJ-2) and atu- 
minium block (A4032). In the tester, the amount (mg) of the abraded block in a carbon dioxide refrigerator gas atmos- 
25 phere was measured. Regarding the test condition, the amount of the oil sample used was 300 ml; the carton dioxide 
gas pressure at an oil temperature of 50°C was 2 fVIPa; the revolution number was 2000 rpm; the load was 350 lbs; 
and the test time was 60 minutes. 

Critical Solution Temperature: 

30 

[0136] 0.2 g of an oil sample and 1.8 g of liquefied carbon dioxide were put into a pressure glass tube, which was 
then sealed. The sealed tube was cooled to -60°C, at which the two in the tube were dissolved. Next, the tube was 
healed at a predetermined constant heating rate, whereupon the solution in the tube was separated into two layers 
through phase separation. The temperature at which the solution was separated into two layers was read, and it indi- 
es cates the critical solution temperature tor the carbon dioxide refrigerant of the oil sample tested. 
[0137] Base oils used in Examples and Comparative Examples are mentioned below. 

Base Oils: 

40 [01 38] Forthe samples of Examples and Comparative Examples, used were base oils shown in Table 1 (for Examples 
1 to 10, and Comparative Examples 1 to 4), and those in Table 4 (for Examples 11 to 14, and Comparative Examples 
5 and 6). These base oils contained 1.5 % by weight of an a-olefin oxide and 0.5 % by weight of 2,6-di-tert-butyl- 
4-methylphenol. 

[0139] The phosphorus-containing extreme pressure agents in Tables 2 and 5 are as follows: 

45 

TCP: Tricresyl phosphate 
TNP: Trisnonylphenyl phosphite 
DOHP: Dioleyl hydrogenphosphite 

so Preparation of Mstal Salts of Carboxylic Acids: 

[0140] As a solvent, used was dipropylene glycol. The carboxylic acid used was oleic acid, palmitic acid or sebacic 
acid; and the alkali hydroxide used was potassium hydroxide or sodium hydroxide. The carboxylic acid and the alkali 
hydroxide were reacted in the solvent to prepare a solution of 30 % by weight of potassium oleate, sodium oleate, 
55 sodium palmitate or potassium sebacate. 
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Examples 1 to 10, Comparative Examples 1 to4: 

[0141] Refrigerator oils shown in Table 2 were tested for the stability and the abrasion resistance. The test results 
are shown in Table 3. 

Examples 11 to 14, Comparative Examples 5 and 6: 

[0142] Refrigerator oils shown in Table 5 were tested for the critical solution temperature, the stability and the abrasion 
resistance. (In Table 5, the amount of the extreme pressure agent is based on the composition containing it.) The test 
results are shown in Table 6. 
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[0143] The refrigerator oil of the invention comprises a base oil comprising an oxygen-containing organic compound 
as the essential component and having a kfnematic viscosity at 100°C of from 5 to 50 mm^/sec and a viscosity index 
of at least 60, and optionally contains some additives. This can be used in compression refrigerators with carbon dioxide 
refrigerant therein, especially in refrigerating or heating-cooling equipment such as car air conditioners, refrigerators, 
5 freezers, air conditioners, heat pumps, compression refrigeration cycles equipped wilh oil separator and/or hot gas 
line, elc. This is stable and has excellent lubricity (abrasion resistance) even in a supercritical carbon dioxide atmos- 
phere. In particular, when containing a metal carboxylate and a phosphorus-containing extreme pressure agent, the 
refrigerator oil for carbon dioxide refrigerant has better stability and lubricity in a supercritical carbon dioxide atmos- 
phere, and can be used for a long period of time even in the atmosphere. 

10 

Claims 

1. A refrigerator oil for carbon dioxide refrigerant, which comprises a base oil comprising an oxygen-containing organic 
15 compound as the essential component and having a kinematic viscosity at 100°C of from 5 to 50 mm^/sec and a 

viscosity index of af least 60. 

2. The refrigerator oil as claimed in claim 1 , which further contains a metal salt of a carboxylic acid. 

20 3. The refrigerator oil as claimed in claim 2, wherein the metal salt of a carboxylic acid is an alkali metal salt of a 
carboxylic acid having from 3 to 60 carbon atoms. 

4. The refrigerator oil as claimed in claim 1 , wherein the oxygen-containing organic compound is at least one selected 
from polyoxyalkytene glycols, polyvinyl ethers, polyesters and cariaonates. 

25 

5. The refrigerator oil as claimed in claim 1, wherein the oxygen-containing organic compound is a compound of a 
general formula (1) or a compound comprising structural units of a general formula (V); 



where represents a hydrogen atom, an alkyi group having from 1 to 10 carbon atoms, an acyl group having 
from 2 to 10 carbon atoms, or an aliphatic hydrocarbon group having from 2 to 6 bonding sites and having from 1 
to 10 carbon atoms; represents an alkylene group having from 2 to 4 cartjon atoms; R^ represents a hydrogen 
atom, an alkyI group having from 1 to 10 carbon atoms, or an acyl group having from 2 to 10 carbon atom; n 
represents an integer of from 1 to 6; and m represents a number to give a mean value of m x n falling between 6 
and 80; 



R^" R^" 
I I 
(C C) — 

where R''®, R^^^ and R'^ each represent a hydrogen alom, or a hydrocarbon group having from 1 to 8 carbon atoms, 
and they may be the same or different; R''^ represents a divalent hydrocarbon group having from 1 to 10 carbon 
atoms; represents a hydrocarbon group having from 1 to 20 carbon atoms; k represents a number of from 0 
to 10 on average; R""® to R^o may t>e the same or different in different structural units; and plural R^^O's, if any, 
may be the same or different. 

6. The refrigerator oil as claimed in claim 1, wherein the oxygen-containing organic compound is®a polyalcohol 
ester, or@a polycarboxylate. 

7. The refrigerator oil as claimed in claim 1 , which further contains a phosphorus-containing extreme pressure agent. 
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8. The refrigerator oil as claimed in claim 1, which further contains an acid scavenger. 

3. The refrigerator oil as claimed in claim 1, which further contains a phenolic antioxidant. 

5 10. The refrigerator oil as claimed in claim 1, wherein the base oil is a mixture of a polyoxyalkylene glycol and a 
polyvinyl ether. 

11. The refrigerator oil as claimed in claim 10, wherein the ratio of the polyoxyalkylene glycol to the polyvinyl ether 
falls between 40/60 and 99.9/0.1 by weight. 

10 

1 2. The refrigerator oil as claimed in claim 11 , wherein the polyoxyalkylene glycol is a compound of a general formula (I): 

r' - I(OR^)^ - 0R^)„ (i) 

IS 

where represents a hydrogen atom, an alkyi group having from 1 to 10 carbon atoms, an acyl group having 
from 2 to 10 carbon atoms, or an aliphatic hydrocartjon group having from 2 to S bonding sites and having firom 1 
to 10 carbon atoms; R2 represents an alkylene group having from 2 to 4 carbon atoms; R^ represents a hydrogen 
atom, an alkyl group having from 1 to 10 carbon atoms, or an acyl group having from 2 to 10 carbon atom; n 
20 represents an integer of from 1 to 6; and m represents a number to give a mean value of m x n falling between 6 

and 80. 

13. The refrigerator oil as claimed in claim 11, wherein the polyvinyl ether is a compound comprising structural units 
of a general formula {V): 

25 

R^' <!)(R^^0),r2° (V) 



whereR^^, R''^andR^^eachrepresentahydrogen atom, or a hydrocarbon group having from 1 to 8 carbon atoms, 
35 and they may be the same or different; R^^ represents a divalent hydrocarbon group having from 1 to 10 carbon 

atoms; R2t> represents a hydrocarbon group having from 1 to 20 carbon atoms; k represents a number of from 0 
to 10 on average; R'* to may be the same or different in different structural units; and plural R'l^O's, if any, 
may be the same or different. 

^0 14. The refrigerator oil as claimed in claim 11 , which further contains an acid scavenger. 

15. The refrigerator oil as claimed in claim 11 , which further contains an extreme pressure agent. 

16. The refrigerator oil as claimed in claim 15, wherein the extreme pressure agent is at least one selected from metal 
^5 salts of carboxylic acids and phosphorus-containing extreme pressure agents. 

17. Use of the refrigerator oil of claim 1 in a compression refrigeration cycle equipped with at least one selected from 
oil separators and hot gas lines. 

50 18. Use according to claim 17 for lubricating a compression refrigeration cycle equipped with at least one selected 
from oil separators and hot gas lines, for which is used the refrigerator oil of claim 1. 
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